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ABSTRACT
The Gaia satellite is likely to observe thousands of RR Lyrae Stars with a small spectral range,
between 8470A˚ to 8750A˚, at a resolution of 11,500. In order to derive metallicity from Gaia, we
have obtained numerous spectra of RR Lyrae stars at a resolution of 35,000 with the Apache
Point Observatory 3.5m echelle spectrograph. We have correlated Ca ii triplet line strengths
with metallicity as derived from Fe ii abundances, analogous to Preston 1959, ApJ, 130, 507 use
of the Ca ii K line to estimate metallicity in RR Lyrae Stars.
Subject headings: RR Lyrae, Abundances, Gaia
1. Introduction: the Gaia Satellite
During the next decade, the study of
galactic structure will be greatly enhanced
thanks to two new instruments, the Large
Synoptic Survey Telescope (LSST) and
the Gaia satellite. The European Space
Agency (ESA) is heading the Gaia satellite
project, an enormous improvement over
Hipparcos.
In addition to measuring parallaxes and
proper motions, Gaia is expected to mea-
sure a small spectral window between
8470A˚ and 8750A˚ with a resolution of
11,500 to capture the Ca ii triplet for ra-
dial velocity measurements. This expected
spectral window also includes some of the
Paschen hydrogen series. Gaia’s mission
plan is to measure each star multiple times
in order to get other information about
2Present address: Department of Astronomy, University of Texas at Austin; gomezt@astro.as.utexas.edu
3Present address: Brion, Inc.; wenjin.huang@brion.com
each star, for example, if the star is vari-
able and to better refine various measure-
ments. The spectra taken over the course
of the mission will be averaged to get a
radial velocity. The Gaia spectral window
is shown for several RR Lyrae (X Ari, RR
Leo and DX Del) in Figure 1. The spec-
tra presented have been reduced from the
Apache Point Observatory (APO) resolu-
tion to the expected Gaia resolution. We
correlated [Fe/H] against the EW of the
Ca ii triplet for RR Lyrae in the same
manner as Cole et al. (2004) did for red
giants. This is important because Gaia
will map an estimated one billion stars,
including many RR Lyrae variable stars,
which are important for galactic structure
and stellar populations. This relationship
allows us to know one of the fundamental
properties of RR Lyrae without additional
information.
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2. Observations and Data Analysis
We have observed many RR Lyrae
stars with the APO echelle spectrograph,
which has a resolution of 35,000, that cov-
ers a wavelength interval from 3500A˚ to
10,400A˚ with good signal-to-noise in the
8500A˚ region (S/N ranged from 70 to 200).
Data reduction was accomplished using
programs in the IRAF1 package. Equiv-
alent width measurements were obtained
both at the full resolution of APO’s echelle
and the expected reduced resolution of
Gaia at 11,500. Spectra of the RR Lyrae
stars were observed at random phases in
order to replicate Gaia observations.
The measurement of equivalent widths
(EW) was automated by a program writ-
ten by WH in IDL. Table 1 shows a list
of target stars observed at APO and their
properties as well as observation dates.
Lines of both the hydrogen Paschen and
Balmer series, Ca ii triplet, and selected
lines of Fe ii, Fe i, and other elements were
measured. The EWs of Fe ii were analyzed
with a Kurucz (1993) atmosphere model to
determine [Fe/H]. Further abundance anal-
ysis of these other elements will be pre-
sented in the full publication.
A collaboration with the Chris Sne-
den, BiQing For, and George Preston has
given us access to continuous observations
of some southern hemisphere RR Lyrae
not accessible from APO. Figure 2 demon-
strates the stability of the Ca ii for use in
our analysis. Around the beginning of the
pulsation cycle the profiles show emission
features at the core, making it difficult to
measure. Since our observations at APO
simulate the expected observing cadence of
1IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of
Universities for Research in Astronomy, Inc., under coop-
erative agreement with the National Science Foundation
Gaia, very few observations that Gaia will
make of RR Lyrae will catch this phase of
pulsation.
The temperature of each star at the ob-
served phase was determined from the hy-
drogen Balmer and Paschen lines using
Kurucz models. Based on the known lumi-
nosity of RR Lyrae stars and an estimated
mass of 0.7 M⊙, we assume log g = 2.5 un-
less the star is hotter than 6750 K. Stars
with Teff ≥ 6750 K are assumed to have log
g = 3.5. The appropriate Kurucz model
was then used in MOOG to determine the
abundances of other elements. Our Fe
abundances compared to values from the
literature are shown in Figure 3.
3. Metallicity Relation
Preston (1959) was able to relate [Fe/H]
with ∆S, the difference between spectral
types derived from the Ca ii K line and
the Balmer series. Clementini et al. (1991)
were able to derive a tighter correlation be-
tween [Fe/H] and the Ca ii K EW. We be-
lieve that the Ca ii triplet rather than H
and K will provide a comparable (if not
better) metallicty relationship due to the
triplet’s unblended and sharp profiles.
To derive a similar relationship between
[Fe/H] and the EW of the Ca ii infrared
triplet, the line that can best be mea-
sured is the Ca II line at 8498A˚ be-
cause it can be fitted with a Gaussian
and is only minimally blended with the
Paschen line at 8502A˚, see Fig 1. The small
separation between the other Ca II lines
and their neighboring Paschen lines makes
measuring them more difficult, especially
for metal rich stars. Measurements are
best made when the Paschen lines are at
their weakest in order to best determine
the EW. The comparison of [Fe/H] to the
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Table 1
Lists of observed stars (sorted by constellation), their [Fe/H] and [Fe/H] reference. The
observation date and time are included.
Identifier [Fe/H] UT at Observation
AT And −1.18a 2010-11-21 04:22 RX Eri −1.33b 2010-11-21 06:42
SW And −0.38a 2009-12-27 05:01 SV Eri −2.04a 2009-12-27 06:17
XX And −1.94b 2010-11-21 05:14 2009-11-27 06:00
BR Aqr −0.74b 2010-11-21 03:50 RR Gem −0.35a 2009-12-27 06:45
BS Aqr 2008-12-16 00:53 2008-12-16 06:03
X Ari −2.43b 2010-11-21 05:40 VX Her −1.58b 2009-03-15 10:50
2009-12-27 05:52 VZ Her −1.03a 2010-03-25 10:38
2009-11-27 05:35 2009-03-15 11:34
2009-08-04 11:33 RR Leo −1.57a 2009-03-15 08:21
RS Boo −0.32a 2010-03-25 07:17 TT Lyn −1.56b 2009-12-27 08:09
2009-06-08 06:02 TT Lyn −1.56b 2009-12-27 08:09
ST Boo −1.86a 2009-03-15 09:25 2009-03-15 08:09
RR Cet −1.52a 2009-11-27 03:45 KX Lyr −0.46a 2010-03-25 11:13
2009-08-04 10:30 2009-06-08 06:29
XZ Cet 2009-11-27 04:39 RR Lyr −1.37a 2009-12-27 00:55
W CVn −1.21a 2009-06-08 04:58 2009-08-04 09:41
2009-03-15 09:05 2009-06-13 07:32
XZ Cyg −1.52a 2009-08-04 09:57 2009-03-15 12:22
2009-06-13 07:49 V445 Oph -0.23a 2009-06-08 05:26
2008-12-16 01:36 2009-03-15 11:11
SW Dra −1.24a 2010-03-25 08:27 AV Peg −0.14a 2009-06-13 08:58
2009-05-09 08:26 BH Peg −1.38a 2009-12-27 02:36
XZ Dra −0.87a 2010-03-25 11:50 AR Per −0.43a 2009-12-27 07:42
2009-12-27 01:11 TU UMa −1.44b 2009-03-15 10:12
2009-06-13 08:06 UU Vir −0.82a 2010-03-25 07:59
DX Del −0.56a 2009-12-27 01:36 2009-03-15 09:50
2009-11-27 01:46
2009-08-04 09:16
2009-06-13 08:33
2008-12-16 01:22
aLayden (1994)
bFeast et al. (2008)
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Fig. 1.— This demostrates the full spectral range
of Gaia at Gaia resolution. All the stars in the
presented spectra have an effective temperature of
about 6500K, this is to demonstrate the spectra at
different metallicities. Notice how the Ca ii triplet
lines become more blended with their neighboring
Paschen lines.
Fig. 2.— Continuous observations of AS Vir allow
us to study the variations of the Ca ii triplet line at
8498A˚. The range of data shows that close to max-
imum temperature the profile becomes difficult to
accurately measure, hence the scatter in the plot.
The average EW is 634.3mA˚with a standard de-
viation of 48.64mA˚. The ratio of the standard de-
viation to the average is 7.6%. Data provided by
Chris Sneden, George Preston, and BiQing For
EW of the 8498A˚ Ca ii line of each star is
shown in Figure 4.
In conclusion we show that there is a
relationship between [Fe/H] and the EWs
of the Ca ii infrared triplet given by
[Fe/H ] = −3.846(±0.155)+W∗0.004(±0.0002)
(1)
3.1. The Ca/Fe relationship
In response to a question raised by Rolf-
Peter Kudritzki in the subsequent discus-
sion of our presentation we have employed
lines of Ca i and Fe i to derive preliminary
ratios of [Ca/Fe] based on the LTE popu-
lation ratios of neutral to ionized species.
Since the fraction of neutral atoms at the
temperatures of RR Lyrae stars is minis-
cule, an nLTE formulation would be prefer-
able so we refer to our ratios as prelimi-
nary.
We have selected lines with a wide range
of gf-values and excitations because they
are extremely weak in metal-poor stars
near maximum light and very strong near
minimum for stars with [Fe/H] near zero.
Due to space limitations full details will
be published elsewhere. We have used
f-values tabulated by VALD and derived
abundances from the measured EW via
MOOG using the atmosphere models by
Kurucz. We show the logarithmic ratio,
[Ca/Fe], as a function of [Fe/H] in Fig-
ure 5. Figure 5 shows every measurement
taken, even for stars where more than one
measurement was taken. The correlation
shown in Figure 5 is in agreement with
the relationship of the ratio of the alpha-
elements to Fe first recognized by Waller-
stein (1962) and confirmed by many sub-
sequent studies. [Ca/Fe] rises from near
zero for the most metal-rich stars to about
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Fig. 3.— The derived [Fe/H] compared to the
references, given in Table 1. We show individual
measurements on this plot, for example, we have 5
X Ari measurements corresponding to the points
at [Fe/H] = -2.5.
Fig. 4.— The relationship between the Ca ii at
8498A˚ to our derived [Fe/H]. The least squares fit
is best described by equation 1. Here we again
show individual measurements of [Fe/H] and the
Ca ii triplet.
[Ca/Fe] = 0.4 near [Fe/H] = -1.0 and re-
mains constant down to [Fe/H] = -2.5.
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